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[Dosignation of Document] Cla i ms 

[Cla i m 1] 

A vo l tago - control l od osc i l l ator, compris i ng: 

a vo l tago - control l od phaso shift circuit, outputting an output s i gna l 

w i th a phaso of an input signal shifted by a spocifiod amount according to an 
oxtorna l contro l vo l tago; 

a SAW r e sonator, resonating at a spocifiod resonanco frequency, 

andr 

a buffer, inputt i ng a signal from tho SAW r e sonator and outputting tho 

signa l as a clock s i gna l w i th a specif ie d fr e quency, and outputt i ng an output 
s i gna l for a positive - f ee dback oscillat i on l oop, 

where i n tho vo l tag e- control phase - shift c i rcuit, tho SAW resonator, 

and the buff e r form th e pos i t i v e- f e edback osc ill ation loop, and a frequency 
t e mp e rature charact e rist i c of the SAW resonator i s corroctod by rotating tho 
fr e qu e ncy temperature characteristic of tho SAW resonator by a sp e c i fied 
amount us i ng a tomporaturo character i stic of propagat i on d e lay time of tho 
buffer. 
[C l aim 2] 

Tho voltago controlled oscil l ator according to Claim 1, whoro i n tho 

buff e r inc l udes a f i rst differentia l amp l ifier/ampl i fy i ng a signal from tho SAW 
resonator and outputting tho s i gna l , a second differ e nt i a l amp l if i er, inputt i ng 
tho s i gnal outputtod from th e f i rst differ e nt i a l amp li f ie r, of which either ono of 
a non -i nvers i on output t e rm i na l and an inversion output term i nal outputs tho 
pos i tive feedback oscillation - loop output signa l , — and a third — differential 
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amp l if ie r, inputt i ng tho signa l from the first differential amp li f i er and outputt i ng 
the s i gnal as a clock signa l with a specified frequency, wherein the 
propagat i on de l ay t i me of th e buff e r i s propagation de l ay tim e between tho 
f i rst d i fferentia l amplif i er and the second different i a l amp li fier connected to tho 
f i rst d i ff e r e ntia l ampl i f ie r. 
[Claim 3] 

Tho voltage - contro lle d osc i l l ator accord i ng to C l aim 2, whoro i n tho 

different i a l amplifier i s a d i fferent i al amplif i er c i rcu i t us i ng an ECL l ino 

rece i ver. 

[Cla i m 4] 

Th e vo l tag e- contro lle d osc i l l ator accord i ng to Claim 1, wh e re i n tho 

buffer i nc l udes a f i rst amp l ifi e r, amp l ify i ng a s i gnal from th e SAW r e sonator 
and outputt i ng the s i gnal, a second amplifier, inputting th e s i gna l outputted 
from th e f i rst amp li fier and outputting th e s i gnal as the pos i tive - feedback 
osc ill ation -l oop output signa l , and at least one third ampl i fier, i nputting tho 
signa l outputt e d from the first amp l if ie r and outputting tho signal as a clock 
signa l w i th a spec i fied frequency, whoro i n th e propagat i on d e lay time is 
propagat i on delay t i me between tho first amplifier and th e second amplif i er 
conn e ct e d to the first amp l ifier. 
[C l a i m 5] 

The vo l tag e- contro l l e d oscil l ator according to ono of Claims 1 to 4, 

whoroin the SAW r e sonator uses an i n - p l an e rotated ST - cut quartz crysta l 
plate with Eu l or angles of (0, 113° to 135°, ±(40° to 40°)). 
[Claim 6] 

The voltag e- contro lle d osc i l l ator according to on e of C l aims 1 to 5, 
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further compr i s i ng an i mpedanc e c i rcuit, gen e rat i ng a spec i f i ed potential 
d i fforonco botwoon tho non - inv e rs i on i nput terminal and th e inv e rs i on input 
term i na l of tho buffer, and an NTC thorm i stor hav i ng a negat i ve tomporaturo 
charact e r i stic in para l le l to the i mpedance c i rcu i t, botwoon tho non -i nversion 
input t e rm i na l of the buffor and the termina l of th e SAW resonator adjacent to 
th e downstream of the feedback loop. 
[Cla i m 7] 

A clock converter, forming a feedback l oop construct o d of a voltage 

controlle d oscil l ator, i n wh i ch frequency var i es depending on a supp li ed 
control vo l tag e and wh i ch outputs a feedback - loop output signa l , a phase 
compar i ng s e ct i on, comparing phases of tho feedback -l oop output signa l from 
th e voltago - oontrolled osci l lator and an external input signa l to output a 
phas e- d i ff e rence s i gnal, and a l oop fi l t e r, smoothing a phaso d i fference s i gna l 
to g e nerate tho contro l voltago, wherein tho vo l tago - contro ll ed osc i llator 
compr i ses a vo l tag e- controll e d phaso - sh i ft circu i t, outputt i ng an output s i gna l 
with tho phaso of an input signal shift e d by a sp e cifi e d amount according to 
tho control vo l tage, a SAW resonator, resonating at a specif i ed resonance 
frequency, and a buffor, i nputt i ng a signa l from tho SAW resonator and 
outputting tho s i gnal as a clock signal with a sp e c i fied frequ e ncy, and 
outputt i ng an output s i gna l for a pos i t i v e- f ee dback oscillat i on loop and tho 
foodback - loop output signa l , — wh e r ei n the voltage - control l ed — phaso - sh i ft 
c i rcu i t, the SAW resonator, and tho buffor form a pos i tive - f ee dback osci ll ation 
loop, and wh e rein a frequency tomporaturo charaotorist i c of tho SAW 
resonator is corrected by rotat i ng tho frequency temperature charactoristic of 
tho SAW resonator by a spocif i od amount using a tomporaturo characteristic 
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of propagat i on delay time of the buff e r. 
[Cla i m 8] 

Th e clock converter accord i ng to Claim 7, whoro i n tho buffer i ncludos 

a f i rst differentia l ampl i f i er, ampl i fying a s i gnal from th e SAW resonator and 
outputt i ng th e signa l , a second different i a l amplifier, inputt i ng the s i gna l 
outputt e d from tho f i rst d i fferent i al ampl i f i er, of wh i ch either one of a non 
i nv e rsion output term i na l and an inversion output terminal outputs tho 
feedback loop output s i gna l and tho other output terminal outputs tho 
posit i v e- feedback - oscillation loop — output s i gna l , — and — a th i rd — d i ff e rentia l 
amplifier, i nputting tho s i gna l from tho first d i fforont i a l ampl i fier and outputt i ng 
the signa l as a clock s i gnal with a sp e c i f i ed frequ e ncy, where i n th o 
propagat i on d el ay t i me of th e buffer i s propagation de l ay t i mo between tho 
f i rst diff o rontial ampl i fier and tho second d i fforont i al amp l ifier connected to tho 
f i rst differ e ntial ampl i f i er. 
[Claim 9] 

Tho clock converter accord i ng to C l a i m 8, whoroin tho difforontial 

amplif i er is a d i fferential amplifier circuit using an ECL l ino r e ce i ver. 
[Cla i m 10] 

Th e c l ock converter according to C l aim 7, wherein the buff e r i ncludos 

a f i rst amplifier, amplify i ng a signa l from tho SAW resonator and outputting 
th e signal, a second amp l if i er, i nputt i ng tho s i gna l outputted from tho f i rst 
amplifier and outputting the signal as an output s i gna l for the posit i ve - 
f ee dback osci l lation l oop, and a plura li ty of th i rd amplif i ers, inputt i ng tho 
signal outputted from tho f i rst amplifier, outputting at least one c l ock s i gnal 
hav i ng a specified frequency, and outputting the f ee dback -l oop output signa l , 
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wh e r ei n th e propagat i on de l ay t i m e is propagat i on dolay t i mo botwoon tho 
first amp li fi e r and th e s e cond amp li fier conn e ct e d to tho first amp li fier. 
[Claim 11] 

The clock convert e r according to one of Claims 7 to 10, wherein tho 

SAW resonator usos an i n - p l ane rotated ST - cut quartz crysta l plate w i th Eulor 
angles of (0, 113° to 135°, ±(40° to 40°)). 
[Claim 12] 

The clock convert e r accord i ng to ono of C l a i ms 7 to 11, further 

compr i s i ng an i mpedance circuit, gen e rat i ng a sp e c i fied potential difference 
b e tween a non -i nversion input term i na l and an inversion i nput t e rmina l of tho 
buffer, and an NTC therm i stor hav i ng a negat i ve t e mperature characteristic i n 
para l lel to th e impodanco c i rcu i t, botwoon tho non- i nversion i nput term i nal of 
tho buffer and tho t e rmina l of tho SAW r e sonator adjac e nt to tho downstream 
of the feedback l oop. 
[Claim 13] 

An e l e ctronic device, compr i sing a clock converter accord i ng to ono of 

C l a i ms 7 to 12. 
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[D e s i gnation of Docum e nt] Sp e cification 
[T i tlo of tho I nvention] 

VOLTAGE-CONTROLLED OSCILLATOR, CLOCK CONVERTER, AND 

ELECTRONIC DEVICE 

BACKGROUND 
rOOOH {Technical Field to which the Invention Belongs} 

[0001] 

r00021 The present invention relates to a voltage-controlled 

oscillator, a clock converter, and an electronic device and, more specifically, it 
relates to a voltage-controlled oscillator using a SAW resonator and having 
little frequency fluctuations caused by itself, a clock converter for converting a 
fundamental clock signal on the order of several kHz (e.g. 8 kHz) to a high- 
frequency clock signal of several hundreds-ef MHz (e.g. 622.08 MHz), and an 
electronic device using the clock converter, 
f 

r00031 Related Art} 

[0002] 

r00041 Communication equipment such as cellular phones 

transmits^ and receivess communication data according to clock signals from 
oscillators. Market requirements have shifted to a high frequency band 
exceeding 400 MHz with an increasing trend to broadband communication 
networks. Data are now transmitted and received in this high frequency 
band. From the demand for higher communication speed, as for the recent 
electronic equipment including the communication equipment, high-frequency 
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oscillators to have high frequency stability in a high-frequency band, to 
compensate the temperature in a practical temperature range of the 
communication equipment, and to have little jitter in the clock signal outputted 
from the high-frequency oscillator, is required. Particularly, high-frequency 
oscillators with extremely less -low j itter and high stability have been required 
to prevent the occurrence of communication errors due to the jitter of the 
high-frequency oscillators in the sharply growing high-speed network market 
including Ethernet (registered trademark), a fiber channel and so on using a 
gigabit band. 
[0003] 

r00051 Fig. 22 is a circuit diagram of the structure of a 

conventional and general Colpitts voltage-controlled oscillator. 
[0001] 

r00061 Colpitts voltage-controlled SAW oscillators (VCSOs) 

1C using surface acoustic wave (SAW) resonators have recently been used 
as the voltage-controlled oscillators, as shown in Fig. 22. The SAW 
resonators work as resonators which have interdigital excitation electrodes 
and a ladder-form reflector on a piezoelectric substrate and reflect a surface 
wave excited by the excitation electrodes with the reflector to generate 
standing waves. The SAW resonators have the advantage of having no 
resonance point except at a specified frequency, as compared with later- 
described quartz crystal oscillators, because their oscillating energy is 
localized on the surface of the SAW resonators to make it difficult to couple 
with secondary vibrations other than main vibrations. The SAW resonators 
have resonance frequencies of several hundreds-ef MHz to several GHz and 
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are used in high-frequency oscillation circuits. 
[0005] 

r00071 Known voltage-controlled SAW oscillators (VCSOs) 

include one having a capacitive reactance circuit 5 including a variable 
capacitance diode 51, as shown in JP-A-6-061846 (Paragraph 0006, Fig. 
I JPatont Documont 1 , to compensate the temperature of the voltage- 
controlled SAW oscillator (VCSO). 
[0006] 

r00081 Also AT-cut quartz crystal resonators (hereinafter, 

referred to as AT quartz crystal resonators) which oscillate at several tens of 
MHz have been used as the oscillation devices of the voltage-controlled 
oscillators, such as voltage-controlled quartz crystal oscillators (VCXOs). 
[0007] 

r00091 Fig. 23 is a block diagram of a general voltage- 
controlled quartz crystal oscillator. In Fig. 23, the voltage-controlled crystal 
oscillator (VCXO) 1D includes an oscillating section 84 having an AT quartz 
crystal resonator which oscillates at several tens of MHz and a Colpitts 
oscillation circuit 81, a multiplexer circuit 82, and a differential conversion 
circuit 83. The Colpitts oscillation circuit 81 can vary the oscillation frequency 
in a specified range by the input of an external control voltage Vc. The AT 
quartz crystal resonator has a limitation of the above-described 155 MHz and 
as such, includes the multiplexer circuit 82 to output a high-frequency signal 
of several hundreds-e* MHz or more. For example, as shown in Fig. 23, the 
Colpitts oscillation circuit 81 multiplies the frequency by four times with the 
multiplexer circuit 82 to output a high-frequency clock signal of 622.08 MHz 
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from a generated clock signal of 155.52 MHz. The voltage-controlled quartz 
crystal oscillator 1D of Fig. 23 has the differential conversion circuit 83 from 
which a plurality of outputs is taken to produce a differential output signal, in 
consideration of the interaction with a load circuit (not shown). 
[0 00 8] 

r001 01 A clock converter for converting a low-frequency clock 

signal to a high-frequency clock signal, which incorporating the above- 
described voltage-controlled oscillator (VCO), will now be described. 
[0009] 

rOOHl Fig. 24 is a block diagram of a general clock converter 

using the voltage-controlled SAW oscillator 1C. A clock converter 50b 
includes an input frequency divider circuit (division ratio: 1/P) 51, a phase 
comparator circuit (PD) 52, a loop filter (LF) 53, the voltage-controlled SAW 
oscillator 1C, a feedback frequency divider circuit (division ratio: 1/N) 54, and 
a buffer circuit 56. The clock converter 50b adopts the configuration of a 
general PLL circuit. 
[0010] 

r001 21 A necessary characteristic condition of the clock 

converter for converting a signal to a high-speed clock signal is that an input 
clock signal and an output clock signal are in synchronization with each other. 
Therefore, the conversion ratio of the input clock signal to the output clock 
signal must be a multiplication of anjntegral number and the rising and falling 
of the input clock signal and the output clock signal must coincide with each 
other. In order to achieve the characteristic conditions, phase 
synchronization and frequency conversion with a clock converter using a PLL 
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circuit are generally performed. In recent years, a clock converter for high- 
speed communication has been achieved for converting a fundamental clock 
signal on the order of several kHz (e.g. 8 KHz) to a high-frequency clock 
signal of several hundred ef-MHz (e.g. 622.08 MHz) to cope with faster 
communication speed. As for the clock converter 50b, when a 155.52-MHz 
clock signal F1 having jitter is inputted to the input frequency divider circuit 
(division ratio: 1/P) 51, a 622.08-MHz clock signal F2 having reduced jitter is 
outputted from the buffer circuit 56. 
[0011] 

r001 31 As described above, the clock converter employs the 

structure of the PLL circuit. Another example of incorporating the structure is 
a phase synchronization circuit, which feeds a digital-system clock signal, 
described in JP-A-5-1 10427 (Paragraph 0010. Fig. D Patent Documont 2 . 
[0012] 

r001 41 Also an improved SAW resonator whose temperature 

characteristic is improved (hereinafter, simply referred to as a SAW 
resonator) has been achieved. Since the SAW resonator uses a quartz 
crystal strip, cut at an angle that improves the temperature characteristic as 
compared with the conventional SAW resonators by having a secondary 
temperature coefficient p of the order of -1.6 x 10~ 8 , and improves the 
frequency temperature characteristic to about a half of that of the 
conventional SAW resonators. The device technique for the SAW resonator 
is described in Japanese Patent No. 3216137 Patont Documont 3 . 
[0013] 

[Patont Documont 1] JP - A - 6 - 061846 (Paragraph 0006, F i g. 1) 
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[Patent Document 2] JP A - 51 10127 (Paragraph 0010, Fig. 1) 

[Patent Document 3] Japanese Patent No. 3216137 

JD i sc l osure of th e Invent i on] 
.[Problems that the I nv e ntion i s to Solve] 
{00+4} 

r001 51 The above-described voltage-controlled oscillator and 

clock converter have the following challenges (problems). 
[0015] 

r001 61 The voltage-controlled SAW oscillator including the 

conventional SAW resonator has the following problems. 
[0016] 

r001 71 - 444 — (1) Fig. 25 shows a graph of the comparison of the 
frequency temperature characteristics of an AT quartz crystal resonator and 
the conventional SAW resonator. As shown in Fig. 25, the conventional SAW 
resonator has a larger fluctuation in frequency deviation with respect to the 
temperature change than that of the AT quartz crystal resonator, thus having 
the problem of requiring a wider frequency variable range of the voltage- 
controlled SAW oscillator than that of the voltage-controlled quartz crystal 
oscillator. 
[0017] 

r00181 The problems will be specifically described with 

reference to the clock converter shown in Fig. 24. 
[0018] 

r00191 It is necessary for the clock converter to control the 

frequency across a wide frequency variable range in order to synchronize a 
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clock signal F1 having mueh -a large amount of j itter, inputted from the 
outside, with a clock signal F2 with reduced jitter at the output end. The 
system frequency accuracy (hereinafter, referred to as a system accuracy) in 
a Synchronous Optical NET work (SONET) system of the United States is ±20 
ppm, within which system accuracy must be compensated. As for the system 
accuracy, the voltage-controlled SAW oscillator in the clock converter takes 
the role. For example, a frequency variable range required for the voltage- 
controlled SAW oscillator to compensate the system accuracy includes the 
following three factors: the SONET-system accuracy, the frequency deviation 
of the voltage-controlled SAW oscillator itself (hereinafter, referred to as "own 
deviation"), and frequency fluctuation due to secular change of the voltage- 
controlled SAW oscillator (hereinafter, referred to as secular change). 
[0019] 

r00201 The frequency deviation of the voltage-controlled 

SAW oscillator itself includes frequency deviation in manufacturing (what is 
called manufacturing variations) and frequency deviation due to own 
temperature variations shown in Fig. 25. The same situation is considered for 
the frequency variable range for the voltage-controlled quartz crystal 
oscillator. Out of the own deviation, the frequency deviation due to 
temperature change is of the order of 20 ppm for the AT quartz crystal 
resonator and 60 ppm for the conventional SAW resonator, when the 
temperature change is in an operating temperature range, as shown in Fig. 
25. 

[0020] 

r00211 - m — (2) The voltage-controlled SAW oscillator has the 
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problem of requiring a wider frequency variable range than that for the 
voltage-controlled quartz crystal oscillator to compensate the system 
accuracy due to frequency fluctuations caused by itself. 
[0021] 

r00221 The problem of the respective frequency variable 

ranges of the voltage-controlled SAW oscillator and the voltage-controlled 
quartz crystal oscillator will be specifically described by making a trial 
calculation. 
[0022] 

r00231 The frequency variable range of the voltage-controlled 

SAW oscillator is expressed by system accuracy + own deviation + secular 
change = ±20 ppm + ±150 ppm + ±10 ppm = ±180 ppm. The frequency 
variable range of the voltage-controlled quartz crystal oscillator is expressed 
by system accuracy + own deviation + secular change = ±20 ppm + ±50 ppm 
+ ±10 ppm = ±80 ppm. As seen from the values of both frequency variable 
ranges, the frequency variable range of the voltage-controlled SAW oscillator 
is about 100 ppm larger than that of the voltage-controlled quartz crystal 
oscillator. 
[0023] 

r00241 -43) — (3) The supply voltage to the oscillation circuit of the 
clock converter is decreasing in voltage in response to recent lower power 
consumption. Specifically, the present dominant supply voltage is 3.3 V; 
however, there is a strong trend to lower supply voltage (e.g. 2.5 V). When 
the supply voltage is lowered, the control voltage for varying the frequency of 
the clock signal cannot be greatly varied-, thus the necessary frequency 
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variable range is decreased and a possibility of not satisfying the specification 
of the system accuracy exists. This is also the problem that prevents the 
requirement for increasing the specification of the system accuracy from 
being cannot be met. 
{©024} 

r00251 This problem is common to both et-the voltage- 
controlled SAW oscillator and the voltage-controlled quartz crystal oscillator. 
Particularly, the voltage-controlled SAW oscillator has such large self-caused 
frequency fluctuation that it is difficult to ensure the frequency variable range, 
thus preventing the system accuracy from being met. 
[0025] 

1*00261 - 44) (4) The conventional voltage-controlled oscillators 

(VCOs) and clock converters using the same have increased in size because 
of the characteristic and structure, thus having the problem that they cannot 
respond to the recent requirements for micro-miniaturization and low cost. 
[0026] 

r00271 This problem will be specifically described. 

[0027] 

r00281 M 1) (4-1) The AT quartz crystal resonator constructing the 
conventional voltage-controlled quartz crystal oscillator 1 D shown in Fig. 23 
generates complex vibrations or an unnecessary unwanted mode (or 
unnecessary vibrations) when secondary vibrations approach to overlap 
principal vibrations depending on the temperature condition. The multiplexer 
circuit 82 generates harmonic signals in response to the principal vibrations, 
from which it selects a necessary harmonic wave as a specified high- 
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frequency signal, thereby converting the frequency. At that time, 
unnecessary harmonic waves are sometimes left as noise depending on the 
frequency bands and their level. Consequently, the coupling of the 
unnecessary vibrations, the unnecessary unwanted mode caused by the AT 
quartz crystal resonator and the unnecessary harmonic waves generated by 
the multiplexer circuit 82 become the cause of jitter, thus posing the problem 
of increasing the jitter of outputted clock signals. 
[0028] 

r00291 -44-2) (4-2) The conventional voltage-controlled quartz 

crystal oscillator 1D, shown in Fig. 23, has the possibility of increasing in size 
since it requires the multiplexer circuit 82 and the differential conversion 
circuit 83. As shown in Fig. 1 of JP-A-6-061846 (Paragraph 0006, Fig. 
J QPatont Documont 1 , the voltage-controlled oscillator additionally needs the 
capacitive reactance circuit 5 for temperature compensation which includes a 
variable capacitance diode 51, an inductance 52 and so on, to compensate 
the temperature change of the equivalent inductance of a SAW resonator 2. 
Therefore, the increase of the number of components disadvantageously 
increases the size of the voltage-controlled oscillator. 
[0029] 

£0030]_-(4-3)_-Also the clock converter 50b shown in Fig. 24 has 
the following structural problems: Since both of a feedback-loop (hereinafter, 
simply referred to as a "feedback loop") output signal of a PLL-circuit and an 
output signal of the clock converter 50b are used as the output of the voltage- 
controlled SAW oscillator, the buffer circuit 56 is needed for reducing the 
interaction with a load circuit (not shown). This produces the possibility of 
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increasing the size of the clock converter, as in the above. The phase 
synchronization circuit shown in Fig. 1 of JP-A-5-1 10427 (Paragraph 0010, 
Fig. P Pat e nt Docum e nt 2 also adopts the structure in which the output signal 
of a voltage-controlled oscillator 104 serves as both the feedback-loop output 
signal and the output signal of the phase synchronization circuit, thus having 
the problem of requiring the buffer circuit, as in the above-described clock 
converter. 

mm 

r0031 1 The present invention has been made to solve the 

above problems. Accordingly, the objects of the invention include the 
following ar e as follows : 

r00321 (1) -To provide a voltage-controlled oscillator having 

reduced frequency fluctuations caused from itself and having a small control 

voltage width. 

[0031] 

£0033]_-(2) -To provide a voltage-controlled oscillator without the 

need for a multiplexer circuit and a differential conversion circuit for obtaining 
a high-frequency oscillation signal and for a dedicated circuit for frequency 
temperature compensation, thereby achieving micro-miniaturization and low 
cost. 
[0032] 

£0034]_-(3)__-To provide a voltage-controlled oscillator, in which 
unnecessary vibration coupling and unwanted mode caused by an oscillation 
source and unnecessary harmonic waves from a multiplexer circuit are 
eliminated to reduce jitter. 
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[00351 - (4) - To provide a clock converter including a voltage- 
controlled oscillator with little frequency fluctuation and requiring no external 
buffer circuit. 
{0034} 

r00361 - (5)- To provide an electronic device using a micro- 
miniaturized low-cost clock converter with a narrow control voltage width and 
reduced jitter, such as an optical network communication device. 

[Moans for So l v i ng tho Prob l omsl SUMMARY 

[0035] 

r00371 The voltage-controlled oscillator according to the 

present invention includes a voltage-controlled phase-shift circuit, outputting 
an output signal with the phase of an input signal shifted by a specified 
amount according to an external control voltage, a SAW resonator, resonating 
at a specified resonance frequency, and a buffer, inputting a signal from the 
SAW resonator and outputting it as a clock signal with a specified frequency, 
and outputting an output signal for a positive-feedback oscillation loop, 
wherein the voltage-control phase-shift circuit, the SAW resonator, and the 
buffer form the positive-feedback oscillation loop, and wherein the frequency 
temperature characteristic of the SAW resonator is corrected by rotating the 
frequency temperature characteristic of the SAW resonator by a specified 
amount using the temperature characteristic of the propagation delay time of 
the buffer. 
[0036] 
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r00381 Since the above structure uses a SAW resonator, 

improved in a_frequency temperature characteristic, and utilizes the 
temperature characteristic of the propagation delay time of the buffer to 
correct the frequency temperature characteristic of the SAW resonator, it 
offers the advantage of providing a voltage-controlled oscillator having a 
frequency temperature characteristic at almost the same level as that of the 
conventional AT quartz crystal resonator. 
[0037] 

r00391 The voltage-controlled oscillator according to the 

invention is characterized in that the buffer includes a first differential 
amplifier, amplifying the signal from the SAW resonator and outputting it, a 
second differential amplifier, inputting the signal outputted from the first 
differential amplifier, of which either one of a non-inversion output terminal 
and an inversion output terminal outputs the positive-feedback-oscillation- 
loop output signal, and a third differential amplifier, inputting the signal from 
the first differential amplifier and outputting it as a clock signal with a specified 
frequency, wherein the propagation delay time of the buffer is propagation 
delay time between the first differential amplifier and the second differential 
amplifier connected thereto. 
[0038] 

r00401 Since the above structure provides a frequency 

temperature characteristic at almost the same level as that of the 
conventional AT quartz crystal resonator, the control voltage width of the 
voltage-controlled phase-shift circuit can be reduced and a necessary 
frequency variable range can easily be compensated even with a low supply 

18 



t 



F009854 



9319S-000695 



voltage. Also, because there is no need to provide an additional dedicated 
temperature compensation circuit, the size of the oscillation circuit can be 
reduced to provide a micro-miniaturized low-price voltage-controlled 
oscillator. Since secondary vibrations and an unnecessary unwanted mode in 
the AT cut quartz crystal resonator and harmonic waves in the multiplexer 
circuit do not occur, which offers the advantage of achieving a voltage- 
controlled oscillator without the jitte r caused by thoso . 
[0039] 

r00411 The voltage-controlled oscillator according to the 

present invention is characterized in that the differential amplifier is a 

differential amplifier circuit using an ECL line receiver. 

[0040] 

r00421 Since the above structure facilitates circuit integration, 

it offers the advantages of achieving miniaturization, low power consumption, 

and high-speed operation of the voltage-controlled oscillator. 

[0041] 

r00431 The voltage-controlled oscillator according to the 

invention is characterized in that the buffer includes a first amplifier, 
amplifying the signal from the SAW resonator and outputting it, a second 
amplifier, inputting the signal outputted from the first amplifier and outputting 
it as the positive-feedback-oscillation-loop output signal, and at least one third 
amplifier, inputting the signal outputted from the first amplifier and outputting 
it as a clock signal with a specified frequency, wherein the propagation delay 
time is propagation delay time between the first amplifier and the second 
amplifier connected thereto. 
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[0012] 

r00441 Since the above structure provides a frequency 

temperature characteristic at almost the same level as that of the 
conventional AT quartz crystal resonator, the control voltage width of the 
voltage-controlled phase-shift circuit can be reduced and a necessary 
frequency variable range can easily be compensated even with a low supply 
voltage. Also, because there is no need to provide an additional dedicated 
temperature compensation circuit, the size of the oscillation circuit can be 
reduced to provide a micro-miniaturized low-price voltage-controlled 
oscillator. Since secondary vibrations and an unnecessary unwanted mode in 
the AT cut quartz crystal resonator and harmonic waves in the multiplexer 
circuit do not occur, which offers the advantage of achieving a voltage- 
controlled oscillator without the jitte r caus e d by thoso . Since a feedback-loop 
output signal is outputted from the third amplifier in the buffer, there is no 
need to provide an additional external buffer circuit outside the buffer. As a 
result of eliminating the necessity for the buffer circuit, the number of 
components of the voltage-controlled oscillator can be reduced to allow 
micro-miniaturization and low price. The output signal from the first amplifier 
can be distributed to the plurality of third amplifiers in the buffer, which offers 
the advantage of generating no phase difference between the feedback-loop 
output signal and the externally outputted clock signals. 
[0013] 

r00451 The voltage-controlled oscillator according to the 

invention is characterized in that the SAW resonator uses an in-plane rotated 
ST-cut quartz crystal plate with Euler angles of (0, 113° to 135°, ±(40° to 
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49°)). 
{0044} 

r00461 Since the above structure adopts a SAW resonator 

using the ST-cut quartz crystal plate in consideration of Euler angles, as 
described above, a frequency temperature characteristic superior to that of 
the conventional SAW resonators can be provided. For example, the 
frequency temperature characteristic of the SAW resonator of the invention is 
advantageously improved to about a half of that of the conventional SAW 
resonators at -5°C. 
[0045] 

r00471 The voltage-controlled oscillator according to the 

present invention is characterized by further including an impedance circuit, 
generating a specified potential difference between the non-inversion input 
terminal and the inversion input terminal of the buffer, and an NTC thermistor, 
having a negative temperature characteristic in parallel to the impedance 
circuit, between the non-inversion input terminal of the buffer and the terminal 
of the SAW resonator adjacent to the downstream of the feedback loop. 
{0040} 

r00481 Since the above structure greatly changes the phase 

of the NTC thermistor of the resonant circuit at a high-temperature range, the 
frequency temperature characteristic of the feedback-type voltage-controlled 
SAW oscillation circuit is improved, which offers the advantages of providing 
an oscillation circuit with a stable frequency even at high ambient 
temperature. 
{0047} 
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r00491 A clock converter according to the present invention 

forms a feedback loop constructed of a voltage-controlled oscillator, in which 
the frequency varies depending on a supplied control voltage and which 
outputs a feedback-loop output signal, a phase comparing section, comparing 
the phases of the feedback-loop output signal from the voltage-controlled 
oscillator and an external input signal to output a phase-difference signal, and 
a loop filter, smoothing the phase difference signal to generate the control 
voltage. The voltage-controlled oscillator includes a voltage-controlled 
phase-shift circuit, outputting an output signal with the phase of the input 
signal shifted by a specified amount according to the control voltage, a SAW 
resonator, resonating at a specified resonance frequency, and a buffer, 
inputting a signal from the SAW resonator and outputting it as a clock signal 
with a specified frequency, and outputting an output signal for a positive- 
feedback oscillation loop and the feedback-loop output signal, wherein the 
voltage-controlled phase-shift circuit, the SAW resonator, and the buffer form 
a positive-feedback oscillation loop. The frequency temperature 
characteristic of the SAW resonator is corrected by rotating the frequency 
temperature characteristic of the SAW resonator by a specified amount using 
the temperature characteristic of the propagation delay time of the buffer. 
[0048] 

r00501 The above structure provides a clock converter that 

meets the system accuracy required from a market with a narrow control 
voltage width by using a voltage-controlled SAW oscillator, in which a 
frequency temperature characteristic at almost the same level as that of the 
AT quartz crystal resonator is ensured. Also, many margins can be ensured 
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for the frequency variable range with the conventional control voltage width, 
which offers the advantage of easily responding to the specification change 
that increases system accuracy, requested from the system. 
[00 4 9] 

r00511 The clock converter according to the present invention 

is characterized in that the buffer includes a first differential amplifier, 
amplifying the signal from the SAW resonator and outputting it, a second 
differential amplifier, inputting the signal outputted from the first differential 
amplifier, of which either one of a non-inversion output terminal and an 
inversion output terminal outputs the feedback-loop output signal and the 
other output terminal outputs the positive-feedback-oscillation-loop output 
signal, and a third differential amplifier, inputting the signal from the first 
differential amplifier and outputting it as a clock signal with a specified 
frequency, wherein the propagation delay time of the buffer is propagation 
delay time between the first differential amplifier and the second differential 
amplifier connected thereto. 
[0050] 

F00521 With the above structure, the frequency of the voltage- 
controlled SAW oscillator can be controlled at a narrow control voltage width. 
As a result, the frequency variable range can easily be compensated even 
with a low supply voltage, thus maintaining high-accuracy frequency deviation 
of the converted clock signals. Furthermore, there is no need to provide an 
external buffer circuit for the output of the voltage-controlled SAW oscillator, 
thus offering the advantage of providing a micro-miniaturized and low-price 
clock converter. 
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[0051] 

F00531 A clock converter according to the present invention is 

characterized in that the differential amplifier is differential amplifier circuit 

using an ECL line receiver. 

[0052] 

f00541 The above structure facilitates circuit integration, thus 

offering the advantage of providing a compact and inexpensive clock 
converter capable of high-speed operation using a miniaturized and power- 
saving voltage-controlled SAW oscillator. 
[0053] 

r00551 A clock converter according to the present invention is 

characterized in that the buffer includes a first amplifier, amplifying the signal 
from the SAW resonator and outputting it, a second amplifier, inputting the 
signal outputted from the first amplifier and outputting it as the output signal 
for the positive-feedback oscillation loop, and a plurality of third amplifiers, 
inputting the signal outputted from the first amplifier, outputting at least one 
clock signal having a specified frequency, and outputting the feedback-loop 
output signal, wherein the propagation delay time is propagation delay time 
between the first amplifier and the second amplifier connected thereto. 
[0054] 

1*00561 With the above structure, the frequency of the voltage- 
controlled SAW oscillator can be controlled at a narrow control voltage width. 
As a result, the frequency variable range can easily be compensated even 
with a low supply voltage, thus maintaining high-accuracy frequency deviation 
of the converted clock signals. Furthermore, there is no need to provide an 
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external buffer circuit for the output of the voltage-controlled SAW oscillator, 
decreasing the number of components, thus offering the advantage of 
providing a micro-miniaturized and low-price clock converter. 
[0055] 

1*00571 A clock converter according to the invention is 

characterized in that the SAW resonator uses an in-plane rotated ST-cut 
quartz crystal plate with Euler angles of (0, 1 13° to 135°,±(40° to 49°)). 
[0056] 

r00581 The above structure adopts a voltage-controlled SAW 

oscillator including a SAW resonator using the ST-cut quartz crystal plate in 
consideration of Euler angles, as described above, offering the advantage of 
providing a clock converter having a preferable frequency temperature 
characteristic. 
[0057] 

r00591 A clock converter according to the invention is 

characterized by further including an impedance circuit, generating a 
specified potential difference between the non-inversion input terminal and 
the inversion input terminal of the buffer, and an NTC thermistor having a 
negative temperature characteristic in parallel to the impedance circuit, 
between the non-inversion input terminal of the buffer and the terminal of the 
SAW resonator adjacent to the downstream of the feedback loop. 
[0058] 

r00601 Since the above structure greatly changes the phase 

of the NTC thermistor at a high-temperature range, the frequency 
temperature characteristic of the feedback-type voltage-controlled SAW 
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oscillation circuit is improved, which offers the advantages of providing a 
clock converter with a stable frequency even at high ambient temperature. 
[0059] 

r0061 1 An electronic device according to the present 

invention is characterized by including the above-described clock converter. 
[0060] 

[0062] With the above structure, the frequency variable range 

can be compensated even at a narrow control voltage width and as such, the 
frequency deviation of the converted clock signals can be maintained highly 
accurate. Accordingly, a timing margin can be assured between the 
transmission/reception data and clock signals according to clock signals, in 
which unnecessary jitter has been significantly reduced even when clock 
signals having muoh -a large amount of j itter are inputted. Thus, electronic 
devices incorporating the clock converter according to the present invention, 
such as an optical transceiver module, can perform stable data transmission 
and reception via an optical network over a wide ambient temperature without 
malfunctioning. Furthermore, since a clock converter is provided, which uses 
the micro-miniaturized and low-price voltage-controlled oscillator which 
requires no dedicated temperature compensator circuit for correcting the 
frequency temperature characteristic of the SAW resonator, the optical 
transceiver module can be advantageously reduced in size and price. 

r00631 BRIEF DESCRIPTION OF THE DRAWINGS 
r00641 Fig. 1 is a block diagram of a voltage-controlled SAW 
oscillator according to a first embodiment. 
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1*00651 Fig. 2 is a circuit diagram of an ECL line receiver. 

[00661 Fig, 3 is a circuit diagram of a voltage-controlled phase-shift 

circuit. 

r00671 Fig. 4 is a diagram of the cut angle of a guartz crystal strip 
used in a SAW resonator with respect to the guartz crystal axis. 

[0068] Fig. 5 is a graph of the freouencv temperature characteristic 
of the SAW resonator. 

r00691 Fig. 6 is a comparative graph of the freouencv temperature 
characteristic of the SAW resonator relative to those of an AT guartz crystal 
resonator and a conventional SAW resonator. 

r00701 Fig. 7 is a characteristic graph of the temperature 
characteristic of the propagation delay time of a buffer. 

r00711 Figs. 8(a) and (b) are graphs of a phase - vs. - freouencv 
characteristic of the SAW resonator, wherein Fig. 8(a) is a correlation graph 
of the propagation delay time and the temperature characteristic of a buffer 
2a as an example, and Fig. 8(b) -is a correlation diagram of the propagation 
delay time and the temperature characteristic of the buffer 2a as an exiting 
product. 

r00721 Fig. 9 is a graph of an example of the freguencv temperature 
characteristic of the SAW resonator. 

r00731 Fig. 10 is a graph of the temperature characteristic of the 
resistance of an NTC thermistor. 

T00741 Fig. 11 is a graph of freguencv - vs. - transmission-phase 
characteristic of a tank circuit when the NTC thermistor is connected in 
parallel. 
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r00751 Fig. 12 is a graph of the temperature characteristic of 
transmission phase of the tank circuit when the NTC thermistor is connected 
in parallel. 

r00761 Fig. 13 is graph of a control voltage - vs. - oscillation 
freguencv when temperature is varied in the voltage-controlled SAW 
oscillator. 

T00771 Fig. 14 is a graph of the temperature characteristic of the 
oscillation freguencv of the voltage-controlled SAW oscillator. 

r00781 Fig. 15 is a graph of the freguencv temperature characteristic 
of the SAW resonator corrected with the temperature characteristic of the 
propagation delay time of the buffer. 

r00791 Fig. 16 is a graph of an example of the temperature 
characteristic of the oscillation freguencv of the voltage-controlled SAW 
oscillator. 

r00801 Fig. 17 is a block diagram of a voltage-controlled SAW 
oscillator according to a second embodiment. 

r00811 Fig. 18 is a block diagram of a clock converter incorporating 
the voltage-controlled SAW oscillator of the first embodiment, according to a 
third embodiment. 

[0Q82] Fig. 19 is a graph of an example of the temperature 
characteristic of the oscillation freguencv of the clock converter incorporating 
the voltage-controlled SAW oscillator. 

r00831 Fig. 20 is a block diagram of a 10-Gbit/s optical transceiver 
module incorporating the clock converter of according to the third 
embodiment in a fourth embodiment. 
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[0084] Fig. 21 is a graph of an example of the temperature 
characteristic of the oscillation frequency of the 10-Gbit/s optical transceiver 
module incorporating the clock converter of the third embodiment. 

r00851 Fig. 22 is a circuit diagram of a conventional general Colpitts 
voltage-controlled oscillator. 

[00861 Fig. 23 is a block diagram of a conventional general voltaoe- 
controlled guartz crystal oscillator. 

[00871 Fig. 24 is a block diagram of a general clock converter using a 
conventional voltage-controlled oscillator. 

[0088] Fig. 25 is a graph of the freguencv temperature characteristics 
of an AT guartz crystal resonator and a conventional SAW resonator. 

[00891 Fig. 26 is a graph of the freguencv fluctuation sensitivity 
against a phase change in a positive-feedback oscillation loop in the 
conventional voltage-controlled SAW oscillation circuit. 

r00901 Fig. 27 is a graph of the temperature characteristic of an 
oscillation frequency F of the conventional the voltage-controlled SAW 
oscillation circuit. 

[00911 fBost Mode for Carrying Out tho I nvontionl DETAILED 

DESCRIPTION 

[0061] 

[00921 Embodiments of the present invention will be 

specifically described hereinafter with reference to the drawings. 
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[0093] f First Embodiment} 

[0062] 

r00941 A first embodiment will be described at first. 

[0063] 

I0095J_-(1 ) -Structure of the Embodiment 

[0096] ^ Structure of Voltage-Controlled SAW Oscillator* 
r00971 - Fig. 1 is a block diagram of a voltage-controlled SAW 
oscillator 1A. The voltage-controlled SAW oscillator 1A includes a buffer 2a 
having three differential amplifiers 21, 22, and 23 built in, a SAW resonator X 
which resonates at a specified frequency, a voltage-controlled phase-shift 
circuit 3 for shifting the phase of the oscillation signal by a specified amount 
according to an external control voltage Vc to vary the resonance frequency 
of the SAW resonator X, an impedance circuit (Zd) 4, and an NTC thermistor 
(Rt) 5 is connected to the impedance circuit (Zd) 4 in parallel. At least the 
oscillating differential amplifier (first differential amplifier) 21, the feedback- 
buffer differential amplifier (second differential amplifier) 23, the voltage- 
controlled phase-shift circuit 3, and the SAW resonator X form a positive- 
feedback oscillation loop. 
[006-1] 

r00981 A reference bias voltage V B b outputted from the buffer 

2a is applied from the outside thereof to an inversion input terminal D2 of the 

oscillating differential amplifier 21 . 

[0065] 

r00991 The embodiment uses the SAW resonator X, 

improved in a_frequency temperature characteristic from the conventional 
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SAW resonator, and utilizes the temperature characteristic of the propagation 
delay time of the buffer 2a. More specifically, correcting the frequency 
temperature characteristic of the SAW resonator X utilizing the frequency 
temperature characteristic of the propagation delay time allows almost the 
same level of frequency temperature characteristic of the voltage-controlled 
SAW oscillator 1 A as that with the AT quartz crystal resonator to be provided. 
[0066] 

f01 001 Fig. 2 is a circuit diagram of an ECL line receiver. 

[0067] x 

r01011 The three differential amplifiers 21, 22, and 23 are 

differential amplifier circuits using the emitter-coupled logic (ECL) line 
receiver shown in Fig. 2. Since the ECL line receiver consumes little 
electricity and is capable of high-speed operation, it is used for high- 
frequency oscillators. As shown in Fig. 2, the differential amplifiers 21, 22, 
and 23 for amplifying the resonance signal from the SAW resonator X are 
constructed of a differential amplifier circuit using the ECL line receiver, thus 
facilitating circuit integration to allow size reduction of the voltage-controlled 
SAW oscillator 1A. 
[0068] 

f01 021 In the oscillating differential amplifier 21, a signal with 

a specified resonance frequency f from the SAW resonator X is inputted to a 
non-inversion input terminal D1 of the oscillating differential amplifier 21. 
Output signals with a mutual phase difference of 180 degrees are outputted 
from a non-inversion output terminal Q+ and an inversion output terminal Q-. 
[0060] 
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r01 031 The output differential amplifier (third differential 

amplifier) 22 shapes the waveform of the output signal from the oscillating 
differential amplifier 21 and outputs it as a clock signal F with a specified 
oscillation frequency, e.g. 622.08 MHz. 
{0070} 

1*01 041 The feedback-buffer differential amplifier 23 has a 

buffer function, in which either of output terminals Q1 and Q2 is used as the 

output terminal for the feedback oscillation loop. 

[0071] 

1*01 051 An emitter termination resistor (not shown) is 

connected to each of the output terminals Q1 and Q2 of the feedback-buffer 
differential amplifier 23, using the ECL line receiver, as an external device of 
the buffer 2a. Fig. 2 shows a state in which emitter termination resistors R6 
and R7 are connected to output terminals OUT- and OUT+, respectively. 
[0072] 

1*01 061 Fig. 3 is a circuit diagram of a specific configuration of 

the voltage-controlled phase-shift circuit 3. The voltage-controlled phase-shift 
circuit 3 controls either one of output signals SQ1 and SQ2 from the 
feedback-buffer differential amplifier 23 to a specified phase to meet the 
phase condition of the voltage-controlled SAW oscillator 1A according to the 
external control voltage Vc. 
[0073] 

f01 071 The impedance circuit (Zd) 4 is connected between 

the non-inversion and inversion input terminals of the oscillating differential 
amplifier 21 so as to generate a potential difference therebetween. 
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[007 A] 

f01 081 The oscillating signal generated in the positive- 
feedback oscillation loop is outputted from output terminals T+ and T- as a 
clock signal through the differential amplifiers 21 and 22 of Fig. 1. 
[0075] 

r01091 ^ Output Terminal of Feedback-Buffer Differential Amplifiers 
F01 1 01 - The embodiment uses the dead output terminal Q1 of the 
feedback-buffer differential amplifier 23 for other than the output of the 
positive-feedback oscillation loop. Specifically, the output terminal Q1 is used 
as the output of a feedback-loop output signal of a later-described clock 
converter via an output terminal LPO. 

r01 1 11 Referring to Fig. 1, a feedback-loop output signal of a 

later-described clock converter, shown in Fig. 18, is outputted via the output 
terminal LPO of the voltage-controlled SAW oscillator 1A. Alternatively, the 
positive-feedback-oscillation-loop output signal may be outputted from the 
output terminal Q1 and the feedback-loop output signal may be outputted 
from the output terminal Q2, respectively. 
[0077] 

£0112]_-(2) -An improvement in a frequency temperature 

characteristic of the SAW resonator and the SAW resonator, improved in a 
frequency temperature characteristic from the conventional SAW resonator, 
will be described. 
[0078] 
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K)1 1 31 Voltage-controlled SAW oscillators using the 

conventional SAW resonators are currently common to respond to higher- 
frequency voltage-controlled quartz crystal oscillators using the conventional 
AT quartz crystal resonators. However, as described in the BACKGROUND 
section "Probloms to bo So l ved by tho Invent i on," above, the conventional 
SAW resonators have large frequency fluctuations relative to temperature 
changes, thus setting a small margin of the frequency variable range for 
compensating the system accuracy. In place of that, a SAW resonator 
improved in temperature characteristic has been achieved. 
[0079] 

K)1 1 41 A SAW resonator used in this embodiment uses a 

quartz crystal strip, cut at an angle that improves the temperature 
characteristic as compared with the conventional SAW resonators. The SAW 
resonator has a secondary temperature coefficient p of the order of -1.6 x 10' 
8 , with the frequency temperature characteristic improved to about a half of 
that of the conventional SAW resonators. The SAW resonator used in this 
embodiment will be specifically described hereinafter. 
[0080] 

r01 1 51 Fig. 4 shows the cut angle of the quartz crystal strip 

used in the SAW resonator of this embodiment relative to the quartz crystal 
axis. As shown in Fig. 4, the quartz crystal axis is defined by the electrical 
axis (X-axis), the mechanical axis (Y-axis), and the optical axis (Z-axis). A 
quartz crystal plate 1 is obtained by rotating a quartz crystal Z-plate 2 with 
Euler angles (<}>, 6, \|/) of (0, 0, 0) around the electrical axis (X-axis) by 9 = 1 13 
to 135 degrees and is cut out along the quartz crystal axes (X, Y\ Z'). The 
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cutting method is called an ST-cut. The ST-cut quartz crystal plate 1 is 
further rotated around the Z'-axis by y = ±(40 to 49) degrees so that the 
surface acoustic wave propagates in this direction to produce a piezoelectric 
resonator. This piezoelectric resonator is the ST-cut SAW resonator X 
rotated in plane around the Z'-axis. 
[0081] 

roi 1 61 It is known that the ST-cut SAW resonator X by in- 
plane rotation has a low frequency change ratio and an extremely favorable 
temperature characteristic. The temperature characteristic is a cubic-function 
of temperature characteristic with an inflection point of about 110°C. The 
SAW resonator X is constructed such that the temperature characteristic is 
turned around an inflection point located out of a normal-temperature range 
by adjusting the linear coefficient term, with the maximum or minimum 
temperature within the normal temperature range as the peak temperature in 
the cubic-function temperature characteristic, thereby controlling the peak 
temperature to an optimum value in the normal temperature range. 
[0082] 

r01 1 71 Specifically, the ST-cut quartz crystal plate 1 obtained 

by rotating a quartz crystal plate around the electrical axis (X-axis) by 9 = 1 13 
to 135 degrees is further turned in plane around the Z'-axis by \|/ = ±(40 to 49) 
degrees to set an ST-cut quartz crystal plate (quartz crystal strip). Within the 
range, a range where the temperature characteristic has an extreme value is 
selected, within which the in-plane rotation angle is adjusted to adjust the 
maximum or minimum temperature of the temperature characteristic to an 
optimum value in the normal temperature range, thereby controlling the 
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temperature characteristic. This is shown in Fig. 5. 
{0083} 

r01 1 81 Fig. 5 is a graph of the frequency temperature 

characteristic of the SAW resonator according to the embodiment. As shown 
in Fig. 5, the temperature characteristic of the ST-cut SAW resonator that is 
rotated in plane around the Z'-axis has an inflection-point temperature of 
about 110°C and a normal temperature range of -40°C to +85°C lower than 
that. Accordingly, a characteristic range, having the maximum value located 
in a temperature range lower than the inflection point, is used (a part 
surrounded by the rectangular in Fig. 5). Since it is difficult for the cubic- 
function temperature characteristic to shift the inflection point, the linear 
coefficient term is adjusted to rotate the characteristic line around the 
inflection point. 
[0084] 

r01 1 91 When the solid line shown in Fig. 5 is a fundamental 

characteristic curve, the characteristic curve is rotated around the inflection 
point to obtain the characteristic curve indicated by the broken line so that its 
maximum value P1 is located in the center of an operating temperature range 
Tz. Thus, the maximum temperature shifts from P1 to P2 as if the peak 
temperature shifted in parallel in the operating temperature range, thus 
minimizing the frequency change ratio in the operating temperature range. 
[0085] 

r01 201 Fig. 6 is a comparative graph of the frequency 

temperature characteristics of an AT quartz crystal resonator, the 
conventional SAW resonator, and the SAW resonator of this embodiment. 
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Their respective frequencies are 80 MHz for the AT quartz crystal resonator, 
125 MHz for the conventional SAW resonator, and 625 MHz for the SAW 
resonator of this embodiment; however, the fundamental frequency 
temperature characteristics do not depend on the frequency used. 
[0086] 

r01211 - (3) -A method for further correcting the frequency 
temperature characteristic of the SAW resonator of this embodiment will now 
be described in correcting the frequency temperature characteristic using 
propagation delay time. 
[0087] 

1*01221 Referring to Fig. 6, the SAW resonator of this 

embodiment is inferior in a frequency temperature characteristic to the 
conventional AT quartz crystal resonator. Therefore, in this embodiment, the 
frequency temperature characteristic of the SAW resonator is corrected using 
the temperature characteristic of the propagation delay time of the buffer 2a 
that constructs the voltage-controlled SAW oscillator 1 A. 
[0088] 

r01 231 In the voltage-controlled SAW oscillator 1A shown in 

Fig. 1, the buffer 2a includes the oscillating differential amplifier 21 and the 
feedback-buffer differential amplifier 23 connected thereto in series. The 
propagation delay time of the buffer 2a in this case is the phase delay, 
expressed as time, of the input signal and the output signal between the input 
terminal D1 (or D2) of the oscillating differential amplifier 21 and the output 
terminal Q1 (or Q2) of the feedback-buffer differential amplifier 23. 
[0080] 
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[01241 In describing the method for correcting the frequency 

temperature characteristic of the SAW resonator, suppose the capacitance 
value of a capacitor Co constructing the voltage-controlled phase-shift circuit 
3, shown in Fig. 3, does not depend on the temperature and, similarly, also 
the other passive elements do not depend on the temperature. Although the 
phase shift depending on the capacitance value of a variable capacitance 
diode Cv has temperature dependence, it is not taken into consideration 
because it is sufficiently smaller than the phase shift depending on the 
propagation delay time of the buffer 2a. The description will be given with the 
SAW resonator X, as the basis, having the frequency temperature 
characteristic shown in Fig. 7, specifically, having a positive frequency 
deviation in a temperature range of 25°C or more and the peak temperature 
in a high-temperature range. 
[0090] 

r01251 Fig. 8 shows the temperature characteristic of the 

buffer 2a, wherein Fig. 8(a) shows the correlation between the propagation 
delay time and the temperature characteristic of the buffer 2a as an example, 
and Fig. 8(b) shows the correlation between the propagation delay time and 
the temperature characteristic of the buffer 2a of an existing product. 
[0091] 

r01261 Referring to Fig. 8(a), the propagation delay time has 

a positive temperature characteristic that the delay time increases with 

increase of temperature. 

[0092] 

f01 271 The phase condition to meet the oscillation condition 
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of the voltage-controlled SAW oscillator 1A is that the phase shift of the 
feedback circuit is 360 degrees. Specifically, even when the ambient 
temperature becomes high and so the propagation delay time at that time 
becomes larger than at a normal temperature (25°C), the phase condition for 
oscillation remains 360°C. Accordingly, when the phase delay between the 
oscillating differential amplifier 21 and the feedback-buffer differential 
amplifier 23 increases, a resonance frequency f decreases so that the phase 
shift corresponds to the propagation delay time responding to the cycle of the 
frequency of the SAW resonator X. 
[0093] 

r01 281 Fig. 9 is shows the phase - vs. - frequency 

characteristic of the SAW resonator X. 
[0004] 

r01 291 Suppose the ambient temperature shifts from a 

normal temperature (25°C) Ta to a high temperature Tb and a resonance 
frequency fa of the SAW resonator X at the normal temperature changes to a 
high frequency fb (= fa + Af), as shown in Fig. 7. The change to the 
resonance frequency fb is corrected with the delay shift corresponding to the 
propagation delay time to shift the phase from point b to point c on the phase 
- vs. - frequency characteristic graph shown in Fig. 9 to decrease the phase 
shift, so that the frequency shifts to a resonance frequency fc of the SAW 
resonator. In other words, the increase in the resonance frequency of the 
SAW resonator X due to the shift of the ambient temperature to high 
temperature is corrected with the propagation delay time of the buffer 2a, so 
that the resonance frequency of the SAW resonator X is decreased. 
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[0005] 

r01301 Fig. 8(b) shows the correlation between the 

propagation delay time and the temperature characteristic of the buffers 2a 
randomly sampled from respective production lots of a product 
"MC100EP16VC" manufactured by Onsemi Inc. and a product 
"AZ100EL16V0" manufactured by Arizona Microtec, as existing products. 
Combining the products with SAW resonators having a frequency 
temperature characteristic corresponding to the propagation delay time of the 
production lots of these products allows the correction of the frequency 
temperature characteristic of the voltage-controlled SAW oscillator 1 A. 
[0096] 

f 01 311 - 44) — (4) The NTC thermistor for correcting the frequency 
temperature characteristic will now be described. 

f 01 321 The NTC thermistor (Rt) 5 has a negative temperature 

characteristic that the resistance decreases with increase of temperature, as 
shown by the temperature characteristic of the resistance R in Fig. 10. In this 
drawing, the vertical axis (resistance R) is of a logarithmic scale. 
[0097] 

f01331 Fig. 11 shows the frequency - vs. - transmission- 
phase characteristics when the resistance R of the NTC thermistor (Rt) 5 of 
the impedance circuit (Zd) 4 is varied. As shown by the arrow in the drawing, 
the lower the resistance R, the more the frequency - vs. - transmission-phase 
characteristic changes to such a characteristic that the curve rotates counter- 
clockwise around a resonance frequency F A of the impedance circuit (Zd) 4. 
In other words, the lower the resistance R, the frequency - vs. - transmission- 
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phase characteristic comes close to a flat characteristic, while decreasing the 
change in phase transmission amount relative to the frequency change. 
[0008] 

r01 341 Fig. 12 shows the temperature - vs. - transmission- 
phase characteristic at an arbitrary frequency (refer to Fig. 11) higher than 
the resonance frequency F A of the impedance circuit (Zd) 4. As shown in Fig. 
12, the impedance circuit (Zd) 4 has a small amount of transmission-phase 
change by temperature change when temperature is low, while it has a large 
amount of transmission-phase change by temperature change when 
temperature is high. More specifically, the impedance circuit (Zd) 4 has the 
characteristic that the change amount of the transmission phase is larger at 
high temperature than at low temperature in the region where the frequency is 
higher than the resonance frequency F A . 
[0099] 

r01 351 Referring to Fig. 26, the conventional voltage- 
controlled SAW oscillator has low sensitivity to frequency change in the 
region where the oscillation frequency F is high, or when the control voltage 
Vc is high, while it has high sensitivity to frequency change in the region 
where the oscillation frequency F is low, or when the control voltage Vc is 
low. On the other hand, with the voltage-controlled SAW oscillator 1A, the 
change amount of transmission phase in the high-frequency region can be 
increased by the impedance circuit (Zd) 4, so that the sensitivity to frequency 
change can be increased even when the oscillation frequency F is high. 
[0100] 

r01 361 Accordingly, as shown by the control voltage Vc - vs. 
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- oscillation-frequency F characteristic of the voltage-controlled SAW 
oscillator 1A in Fig. 13, the voltage-controlled SAW oscillator 1A can have the 
sensitivity to frequency change, relative to the control voltage Vc, almost 
equal to that in the other temperature range even at high temperature. As 
described above, when the temperature and the control voltage Vc are 
constant, the smaller the resistance R of the NTC thermistor (Rt) 5 is, the 
smaller the change in phase transmission amount, relative to the frequency 
change, can be (refer to Fig. 11). Thus, the temperature change of the 
oscillation frequency F can be reduced in a wide temperature range, as 
shown by the temperature characteristic of the oscillation frequency F of the 
voltage-controlled SAW oscillator 1A in Fig. 14. Particularly, the temperature 
change of the oscillation frequency in a high temperature range can be 
significantly reduced as compared with the conventional temperature 
characteristic shown in Fig. 27. 
[0101] 

f01 371 As is apparent from the above description, since the 

voltage-controlled SAW oscillator 1A according to the invention uses the 
impedance circuit (Zd) 4 having the NTC thermistor (Rt) 5 connected in 
parallel, the control voltage Vc - oscillation frequency F characteristic in a 
wide temperature range, particularly, in a high temperature range can be 
improved and also the temperature change of the oscillation frequency F can 
be reduced. 
[0102] 

r01 381 The embodiment has at least the following 

advantages, as described above in detail. 



42 



F009854 



9319S-000695 



mm] 

IT01391 - (1) -The SAW resonator of this embodiment is improved 
in ajrequency temperature characteristic in the entire temperature range as 
compared with the conventional SAW resonators, as shown in Fig. 6. For 
example, it is apparent that the frequency temperature characteristic of the 
SAW resonator at -5°C has been improved to approximately a half of that of 
the conventional SAW resonator. 
[0104] 

r01 401 Fig. 15 shows the graph of the frequency temperature 

characteristic of the SAW resonator corrected with the propagation delay time 
of the buffer 2a. Specifically, Fig. 15 shows the relationship between the 
frequency temperature characteristic curve (a) of the SAW resonator, shown 
in Fig. 9, and the frequency temperature characteristic curve (b) of the SAW 
resonator corrected by using the temperature characteristic of the 
propagation delay time, described in Fig. 7. The use of the temperature 
characteristic of the propagation delay time gives the characteristic curve (b) 
of the SAW resonator, corrected by rotating the frequency temperature 
characteristic curve (a) of the SAW resonator by a specified amount in the 
direction shown by the arrow Y1 . The use of the temperature characteristic of 
the NTC thermistor gives the characteristic curve (c) of the SAW resonator, 
corrected by improving the temperature change of the frequency variable 
characteristic curve (b) in the direction shown by the arrow Y2. The curve (d) 
of Fig. 15 shows the frequency temperature characteristic of the AT quartz 
crystal resonator. As clearly shown in Fig. 15, the characteristic curve (a) of 
the SAW-resonator can be corrected to almost an equal level to that of the AT 
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quartz crystal resonator in the operating temperature range. 
[0105] 

r01411 The voltage-controlled SAW oscillator according to the 

embodiment uses a SAW resonator, improved in ajrequency temperature 
characteristic, as means for compensating the frequency temperature 
characteristic and also uses the temperature characteristic of the propagation 
delay time of the buffer, constructed of differential amplifiers. Fig. 16 shows a 
graph of an example of the temperature characteristic of the oscillation 
frequency of the voltage-controlled SAW oscillator. The use of the 
temperature characteristic of the propagation delay time reduces the 
temperature change of the oscillation frequency F in a wide temperature 
range, as shown in Fig. 16. This offers the advantage of providing the 
frequency temperature characteristic at almost the same level as that of the 
conventional AT quartz crystal resonator, shown in Fig. 25. 
[0106] 

K)1 421 - (2) - The frequency temperature characteristic at almost 
the same level as that of the conventional AT quartz crystal resonator is 
ensured and a necessary frequency variable range can be reduced, so that 
the control voltage width of the voltage-controlled phase-shift circuit can also 
be reduced. This provides the advantage of easily compensating the 
frequency variable range necessary for meeting the system specifications 
even with low supply voltage. 

mm 

£0143]_-(3) -Since the temperature characteristic of the 

propagation delay time of the amplifier is used to further correct the frequency 
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temperature characteristic of the SAW resonator, there is no need to provide 
an additional dedicated temperature compensation circuit. This offers the 
advantage of reducing the size of the oscillation circuit, thus achieving the 
micro-miniaturization and low price of the voltage-controlled oscillator. 
[0108] 

r01441 - (4) -The use of the SAW resonator allows a desired high- 
frequency oscillation signal to be directly provided, eliminating the necessity 
for a multiplexer circuit, thereby achieving the micro-miniaturization and low 
price of the voltage-controlled oscillator. 
[0109] 

r01 451 Since the SAW resonator produces no secondary 

vibration, as in the AT quartz crystal resonator, it does not couple with the 
principal vibration and th e r e occurs no unnecessary unwanted mode occurs . 
Since there is no need for a multiplexer circuit for multiplying the frequency, 
no harmonic wave generates. This offers the advantage of achieving a 
voltage-controlled oscillator without jitter caused by the secondary vibrations, 
an unnecessary unwanted mode, and harmonic waves. 
[0110] 

r01 461 Since the feedback-buffer differential amplifier 

includes a plurality of output terminals, the output signal for the positive- 
feedback oscillation loop is outputted from one terminal, while the other dead 
output terminals can be used as the output for the feedback-loop output 
signal of a later-described clock converter. 

r01471 f Second Embodiment} 
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{0+444 

r01 481 A second embodiment will now be described. 

[0112] 

r01 491 Fig. 17 is a block diagram of a voltage-controlled SAW 

oscillator (VCSO) 1 B according to the second embodiment. 
[0113] 

r01 501 The difference from Fig. 1 is to use an amplifier 

having a single input/output in place of the differential amplifier. More 
specifically, a plurality of amplifiers 32-1 to 32-n and 33 are connected to the 
output of an oscillating amplifier 31 in parallel, and used as the feedback 
buffer amplifier 33 forming a positive-feedback oscillation loop and the output 
amplifiers 32-1 to 32-n being used to output signals to the outside. 
[0114] 

r01511 Referring to Fig. 17, a buffer 2b uses the amplifiers 

31, 32-1 to 32-n, and 33 each having a single input/output in place of the 
differential amplifiers shown in Fig. 1 . The plurality of amplifiers 32-1 to 32-n 
and the feedback buffer amplifier (second amplifier) 32 are connected to the 
output stage of the oscillating amplifier (first amplifier) 31 in parallel. The 
oscillating amplifier 31, the feedback buffer amplifier 33, the voltage- 
controlled phase-shift circuit 3, and the SAW resonator X construct a positive- 
feedback oscillation loop. An amplifier 32-m (m = 1 to n) of the plurality of 
amplifiers (third amplifiers) 32-1 to 32-n constructs a feedback loop and the 
other amplifiers 32-1 to 32-n except the amplifier 32-m construct output 
amplifiers for outputting clock signals to the outside. 
[0115] 
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r01521 The propagation delay time of the buffer 2b in this 

case is the phase delay, expressed as time for the voltage-controlled SAW 
oscillator (VCSO) 1B, between the oscillating amplifier 31 and the feedback 
buffer amplifier 33 connected thereto in series, as in the first embodiment. 
Since other points except that are the same as the first embodiment, the 
same blocks are given the same reference numerals and their detailed 
description will be omitted. 
[0116] 

f01531 The embodiment offers at least the following 

advantages, as described above in detail. 

mm 

f01 541 In addition to the advantages of the first embodiment, 

at least the following advantages are offered. 
[0118] 

f01 551 According to the embodiment, as shown in Fig. 17, the 

output of the oscillating amplifier 31 constructed of a single type amplifier is 
branched by a plurality of output amplifiers provided in the buffer 2b. A 
feedback-loop output signal is outputted from one of the output amplifiers and 
clock signals are outputted from the plurality of output amplifiers except the 
one output amplifiert frat. This kind of output offers the advantage that there is 
no need to add another buffer circuit to the outside of the voltage-controlled 
oscillator. 
[0110] 

r01 561 When a buffer circuit is arranged outside the buffer as 

in the conventional voltage-controlled SAW oscillator, the wire connecting 
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between the output amplifier for outputting a clock signal and the external 
buffer circuit may cause the respective signals to interfere with each other. 
Also a phase difference may generate between the feedback-loop output 
signal from the buffer and the clock signal outputted from the buffer circuit. In 
those cases, according to the embodiment, the output signal from the 
oscillating amplifier 31 can be distributed to the plurality of amplifiers inside 
the buffer. Accordingly, no phase difference generates between the clock 
signal outputted from the output amplifier, the signal outputted from the 
feedback buffer amplifier 33, and, for example, the output signal used for a 
later-described clock converter feedback loop. 

f01571 f Third Embodiment] 

[0120] 

f01 581 A third embodiment will now be described. 

[0121] 

f01 591 Fig. 18 is a block diagram of a clock converter 

according to the third embodiment. 
[0122] 

f01 601 In this embodiment, a clock converter incorporating 

the voltage-controlled SAW oscillator 1A described in the first embodiment 
will be described. The clock converter is characterized in that the feedback- 
loop output terminal LP0 of the voltage-controlled SAW oscillator 1 A using the 
SAW resonator X, improved in a_Jrequency temperature characteristic, is 
used to form a feedback loop. More specifically, any of the plurality of output 
signals of the feedback-buffer differential amplifier 23 constructing the 
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voltage-controlled SAW oscillator 1A, shown in Fig. 1, is used as a feedback- 
loop output signal. 
[0123] 

1*01611 A clock converter 50a shown in Fig. 18 includes a 

phase comparing section 55, a loop filter (LPF) 53, and the voltage-controlled 
SAW oscillator 1A. The phase comparing section 55 includes an input 
frequency divider circuit (division ratio: 1/P) 51, a phase comparator circuit 
(PD) 52, and a feedback frequency divider circuit (division ratio: 1/N) 54. The 
phase comparing section 55 is generally constructed as an integrated circuit 
(IC). 
[0124] 

f01 621 With such a structure, a clock signal F1 inputted to the 

clock converter 50a at 155.52 MHz, for example, is converted to a clock 

signal F2 of 622.08 MHz and is outputted. 

[0125] 

r01631 The voltage-controlled SAW oscillator 1A uses the 

SAW resonator described in the first embodiment. An output signal from the 
output terminal Q1 of the feedback-buffer differential amplifier 23 of the 
voltage-controlled SAW oscillator 1A is used as a feedback-loop output signal 
S of the clock converter 50a. As compared with the case in which the output 
signal from the conventional voltage-controlled SAW oscillator is used, this 
eliminates the interaction with a load circuit (not shown) connected thereto. 
[0126] 

r01641 The loop filter 53 feeds the control voltage Vc to the 

voltage-controlled phase-shift circuit 3 of the voltage-controlled SAW 
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oscillator 1A while removing the noise generated by the differential operation 
of the phase comparator circuit 52 (smoothing the phase difference signal). 
The input frequency divider circuit (division ratio: 1/P) 51 is a divider for 
dividing the input clock signal and inputting it to the phase comparator circuit 
52. The feedback frequency divider circuit (division ratio: 1/N) 54 is a divider 
for dividing the feedback-loop output signal S from the feedback-loop output 
terminal LPO and feeding it to the phase comparator circuit 52. 
[0127] 

f01 651 As described above in detail, the embodiment offers at 

least the following advantages: 
[0128] 

r01661 - (1) -The clock converter 50a of this embodiment uses the 
SAW resonator X, improved in_a frequency temperature characteristic, and 
includes the voltage-controlled SAW oscillator 1A, in which the frequency 
temperature characteristic of the SAW resonator X is corrected. Fig. 19 
shows a graph of an example of the temperature characteristic of the 
oscillation frequency of the clock converter incorporating the voltage- 
controlled SAW oscillator. As shown in Fig. 19, the temperature change of 
the oscillation frequency F can be reduced in a wide temperature range. This 
ensures the frequency temperature characteristic at the same level as that 
using the conventional AT quartz crystal resonator, shown in Fig. 25, thus 
offering the advantage of meeting the system accuracy required by a market 
with a narrow control voltage width for the voltage-controlled SAW oscillator 
1A. 

[0129] 
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K)1 671 - (2) -The frequency variable range with the conventional 

control voltage width ensures a large margin, thus providing the advantage of 
facilitating responding to the specification change of increasing the system 
accuracy from the system. 

r01 681 - (3) -Since the frequency variable range of the voltage- 
controlled SAW oscillator 1A can be controlled with a narrow control voltage 
width, the loop filter 53 generating the control voltage can easily be 
constructed. In addition, since the frequency can be controlled with a narrow 
control voltage width, a necessary frequency variable range can easily be 
compensated even at a low supply voltage, and the frequency deviation of the 
converted clock signal can be maintained at highly accurate. 
[0131] 

£01§9]_-(4) -Since the voltage-controlled SAW oscillator 1A is 

used, in which jitter is reduced significantly and no dedicated temperature 
compensating circuit is required, the clock converter 50a with little jitter, 
caused by itself, can be provided, in which micro-miniaturization and low price 
are achieved. 
[0132] 

I0170]_-(5) -The clock converter 50a of this embodiment forms a 

feedback loop using the feedback-loop output terminal LPO of the voltage- 
controlled SAW oscillator 1A. More specifically, since the feedback-buffer 
differential amplifier 23 described in the first embodiment includes a plurality 
of output terminals, the dead output terminal Q1 can be used as the output for 
the feedback-loop output signal SQL The feedback-loop output signal SQ1 
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outputted to the outside provides the advantage of directly connecting to the 

external circuit without connecting an external buffer circuit. 

[0133] 

r01711 - (6) - The use of the feedback-loop output terminal LPO 
eliminates the need for the external buffer circuit for the output of the voltage- 
controlled SAW oscillator, as in the conventional ones, thus offering the 
advantage of achieving micro-miniaturization and low price of the clock 
converter 50a. 
[0134] 

£0172]_-(7) -Even when the voltage-controlled SAW oscillator 1A 

used for the clock converter 50a is replaced with the voltage-controlled SAW 
oscillator 1B using a single type amplifier according to the second 
embodiment, at least the advantages described above are offered. 

r01731 f Fourth Embodiment} 

[0135] 

F01 741 A fourth embodiment will now be described. 

[0136] 

r01 751 This embodiment will be— described an electronic 

device applying the clock converter according to the third embodiment. 
[0137] 

f01 761 The clock converter of this embodiment can also be 

applied to electronic devices such as an optical transceiver module of a 10- 

Gbit/s optical interface. 

[0138] 
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r01771 Fig. 20 is a block diagram of a 10-Gbit/s optical 

transceiver module for the optical interface incorporating the clock converter 
of the third embodiment. The optical transceiver module 70 for optical 
networks achieves an interface function for light/electricity conversion and 
electricity/light conversion and multiplexing and de-multiplexing, for example, 
between a server computer and an optical network. The optical transceiver 
module 70 feeds a high-frequency clock signal generated by the clock 
converter 50a as a reference clock signal of a multiplexer (MUX) 71 . 

r01781 The blocks have the following functions: The 

multiplexer 71 multiplexes a plurality of transmission slow data (TxDATAxN) 
received from a lower system, where N is an integer, for example, N = 16. An 
electricity/light converting section (TxE-O) 72 converts an electrical signal to 
an optical signal (OPOUT) and sends it to an optical transmission channel. A 
light/electricity converting section (RxO-E) 75 converts an optical signal 
(OPIN) received through an optical transmission channel to an electrical 
signal. A de-multiplexer (DeMUX/CDR) 74 de-multiplexes the received data, 
converted to the electrical signal by the light/electricity converting section 75, 
into a plurality of reception low data (RxDATAxN). The clock converter 50a 
converts a low-frequency clock signal to a high-frequency reference clock 
signal and feeds it to the multiplexer 71 . A selecting section 76 selects either 
a low-frequency external clock signal (TxREF) or a clock signal RCLK from 
the de-multiplexer 74 and feeds it to the clock converter 50a. 
[0140] 

r01 791 The operation of the optical transceiver module 70 will 
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theo-now_be described. The clock converter 50a converts the low-frequency 
external clock signal (TxREF) selected by the selecting section 76 to a high- 
frequency clock signal HCLK. For example, when the selecting section 76 
selects a low-frequency external clock signal (TxREF) of 64 KHz to 155.52 
MHz and feeds it to the clock converter 50a, the clock converter 50a converts 
it to a high-frequency clock signal HCLK of 622.08 MHz in a 600-MHz band 
and feeds it to the multiplexer 71. In this way, the 622.08-MHz electrical 
signal is converted to an optical signal (OPOUT) by the electricity/light 
converting section 72 and is sent to the optical transmission channel. 
{04444 

f01 801 The de-multiplexer 74 extracts a high-frequency clock 

signal RCLK from the data of the optical signal (OPIN), received from the 
light/electricity converting section 75, with a clock and data recovery (CDR) 
function. When the selecting section 76 selects the extracted clock signal 
RCLK, the clock converter 50a reduces the jitter in the clock signal RCLK 
containing ftweh -a large amount of j itter and the high-frequency clock signal 
HCLK with little jitter is sent to the multiplexer 71. Fig. 21 shows a graph of 
an example of the temperature characteristic of the oscillation frequency of 
the 10-Gbit/s optical transceiver module incorporating the clock converter of 
the third embodiment. As a result of using the temperature characteristic of 
the propagation delay time, the temperature change of the oscillation 
frequency F can be reduced in a wide temperature range, as shown in Fig. 
21. 

[0142] 

r01811 As described above, the optical transceiver module 70 
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uses the clock converter 50a incorporating the voltage-controlled SAW 
oscillator 1A that ensures the frequency temperature characteristic at the 
same level as that of the conventional AT quartz crystal resonator shown in 
Fig. 25. 
[ 01 43 ] 

fOI 821 As described in detail, this embodiment offers at least 

the following advantages: 
[0144] 

f01831 -(1) - The clock converter 50a can maintain high-accuracy 
frequency deviation of the converted clock signal by compensating the 
frequency variable range at a narrow control voltage width even when the 
clock signal RCLK containing fwoh— a large amount of j itter is inputted. 
Accordingly, the clock converter 50a can generate the high-frequency clock 
signal HCLK containing very little jitter and feed it to the multiplexer 71 . 
[0145] 

f01841 Since the clock signal HCLK having little jitter is sent 

to the multiplexer 71, a timing margin between the transmission slow data 
(TxDATAxN), multiplexed by the multiplexer 71 , and the clock signal HCLK is 
ensured. This offers the advantages of preventing the malfunction of data 
transmission of the multiplexer 71 and facilitating a stable operation in the 
high-speed network system, typified by 10-Gbit/s, capable of transmitting a 
high volume of data such as moving images. 
[0146] 

f01 851 - 12) - The embodiment includes the clock converter 50a 
incorporating a voltage-controlled oscillator that has achieved micro- 
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miniaturization and low price by eliminating the need for a dedicated 
temperature compensation circuit using the temperature characteristic of the 
propagation delay time of the amplifier in correcting the frequency 
temperature characteristic of the SAW resonator X. This provides the 
advantage of achieving miniaturization and low price of an optical transceiver 
module. 

[01 4 7] 
T01861 ^ Modification^ 

r01871 - The present invention is not limited to the above-described 
embodiments &rt -and can be made in various modifications. For example, 
the following modifications may be made. 
[0148] 

r01881 « First Modification 

[0189]_> — While the amplifiers according to the embodiments have 
been described with reference to ones using a bipolar transistor, a« MOS 
transistor, which is a different type of transistor, may be used. 

[0149] 

f01901 ^ Second Modification 

roi 91 1 > — While the voltage-controlled oscillator has been described 
with a case in which it is applied to the clock converter 50a used in an optical 
transceiver module for networks, it may be applied to various electronic 
devices such as radio communication devices including cellular phones that 
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require oscillation circuits, particularly, high-frequency oscillation circuits. 
[0150] 

r01921 <Third Modification 

r01931 » The piezoelectric material, constructing piezoelectric 

resonators such as a quartz crystal resonator, a ceramic resonator, and a 
SAW resonator, may be not only quartz crystal but also other piezoelectric 
materials such as langasite or 4-lithium borate. 
[0151] 

r01941 ^ Fourth Embodiment 

1*01951 > While the correction of the frequency temperature 

characteristic described in Paragraph [00991 (3) of tho f i rst ombod i mont 
utilizes the temperature characteristic of the propagation delay time of a 
buffer, it may be applied not only to the SAW resonator, improved in a 
frequency temperature characteristic, but also to the conventional SAW 
resonators. 

[Br i ef Descript i on of tho Drawings] 
[0152] 

[Fig. 1] — F i g. 1 is a block diagram of a voltago control l ed SAW 
osc i llator accord i ng to a f i rst ombod i mont. 

[Fig. 2] Fig. 2 is a circuit diagram of an ECL lino rocoivor. 

[F i g. 3] Fig. 3 i s a c i rcuit d i agram of a vo l tag e- contro ll od phase sh i ft 

c i rcuit. 
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[F i g. A] Fig. A is a d i agram of th e cut ang l o of a quartz crysta l str i p 
us e d i n a SAW r e sonator with rospoct to tho quartz crysta l ax i s. 

[Fig. 5] Fig. 5 i s a graph of the froquoncy tomporaturo charactoristic 
of th e SAW resonator. 

[Fig. 6] F i g. 6 is a comparative graph of tho frequ e ncy tomporaturo 
charactor i stic of th e SAW resonator re l ative to thoso of an AT quartz crysta l 
resonator and a conventiona l SAW resonator. 

[Fig. 7] F i g. 7 i s a charactor i stic graph of tho tomporaturo 

charact e r i st i c of the propagation do l ay t i mo of a buffer. 

[Fig. 8] Fig. 8 is a graph of a phaso — vs, — fr e quency characterist i c 
of tho SAW resonator, whoro i n Fig. 8(a) is a correlat i on graph of tho 
propagat i on delay t i m e and th e t e mperatur e charactor i st i c of a buffer 2a as an 
oxamplo, and Fig. 8(b) i s a corr ol at i on diagram of tho propagat i on dolay t i mo 
and th e t e mperatur e character i st i c of tho buffer 2a as an exiting product. 

[F i g. 9] Fig. 9 i s a graph of an oxamplo of tho froquoncy 

tomporaturo characterist i c of tho SAW resonator. 

[Fig. 10] Fig. 10 i s a graph of the temp e rature character i stic of th e 
r e s i stance of an NTC th e rm i stor. 

[F i g. 11] Fig. 11 i s a graph of frequency — vs. ■ transmiss i on - phaso 
charact e r i st i c of a tank c i rcu i t whon tho NTC th e rm i stor is connected i n 
paralle l . 

[F i g. 12] — F i g. 12 i s a graph of th e t e mperatur e charact e r i stic of 
transmiss i on phaso of tho tank c i rcu i t whon the NTC thermistor i s connoctod 
i n paral l e l . 

[F i g. 13] — F i g. 13 is graph of a control vo l tag e — vs, — osci l lation 
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frequency wh e n t e mp e ratur e — i s var i ed — i n tho voltago - control l od — SAW 
osc i llator. 

[Fig. 14] Fig. 14 is a graph of tho tomporaturo charactor i stic of tho 
osc ill ation froquoncy of tho voltago - contro lle d SAW osc ill ator. 

[F i g. — Rgh — 1-§ — i s a graph of th e frequency temp e rature 

charact e ristic — of tho — SAW — resonator corroctod — with — the — t e mp e rature 
charactor i st i c of th e propagation d e lay t i m e of th e buffor. 

[F i g. 16] — F i g. 16 i s a graph of an example of tho tomp e raturo 
charact e rist i c of th e osc ill at i on froquoncy of th e vo l tage - controll e d SAW 
osc i llator. 

[F i g. 17] — F i g. 17 is a block d i agram of a voltago - contro ll od SAW 
osci l lator accord i ng to a s e cond e mbodiment. 

[F i g. — R§, — IS — i s a b l ock d i agram of a clock converter 

i ncorporat i ng the vo l tag e- contro l led SAW osc il lator of th e f i rst embodim e nt, 
accord i ng to a th i rd embodiment. 

[F i g. 19] — Fig. 19 i s a graph of an oxamplo of tho tomporaturo 
charact e ristic of th e oscil l at i on fr e qu e ncy of tho clock conv e rter incorporat i ng 
th e voltag e- control le d SAW oscil l ator. 

[F i g. 20] Fig. 20 is a block diagram of a 10 - Gbit/s optica l transco i vor 
modul e — incorporating — toe — clock — conv e rt e r of — accord i ng — to — the — #w4 
ombodimont i n a fourth ombod i mont. 

[Fig. 21] — Fig. 21 is a graph of an oxamp l o of tho tomporaturo 
charactor i st i c of th e osc i llation frequ e ncy of tho 10 - Gb i t/s opt i cal transco i vor 
modulo i ncorporating tho clock converter of tho third ombod i mont. 

[Fig. 22] — F i g. 22 i s a circuit d i agram of a convent i onal gonora l 
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Colpitts voltag e- Gontrol l od osc ill ator. 

[Fig. 23] — F i g. 23 is a block d i agram of a conventiona l gonora l 
vo l tage - contro lle d quartz crysta l osc il lator. 

[Fig. 24] — Fig. 24 i s a block diagram of a gonora l clock converter 
us i ng a conventiona l voltage - controlled osc i llator. 

[F i g. 25] Fig. 25 i s a graph of tho frequency t e mperature 

charact e ristics of an AT quartz crysta l resonator and a convent i ona l SAW 
r e sonator. 

[F i g. 26] — Fig. 26 i s a graph of tho frequency f l uctuation sens i t i v i ty 
aga i nst a phase change i n a pos i tive - feedback osc i llat i on loop in tho 
conventiona l voltage - control l ed SAW oscillat i on circuit. 

[Fig. 27] Fig. 27 is a graph of tho tomporaturo characteristic of an 
osc ill at i on frequency F of tho conv e nt i onal th e voltag e- contro l l e d SAW 
oscillation circuit. 
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Claims 

What is claimed is: 

L A voltage-controlled oscillator comprising: 

a voltage-controlled phase-shift circuit, outputting an output 

signal with a phase of an input signal shifted by a specified amount according 
to an external control voltage: 

a SAW resonator, resonating at a specified resonance 

freguencv, and: 

a buffer, inputting a signal from the SAW resonator and 

outputting the signal as a clock signal with a specified freguencv, and 
outputting an output signal for a positive-feedback oscillation loop, 

wherein the voltage-control phase-shift circuit, the SAW 

resonator, and the buffer form the positive-feedback oscillation loop, and a 
freguencv temperature characteristic of the SAW resonator is corrected bv 
rotating the freguencv temperature characteristic of the SAW resonator by a 
specified amount using a temperature characteristic of propagation delay time 
of the buffer. 

2. The voltage-controlled oscillator according to Claim 1. 

wherein the buffer includes a first differential amplifier, amplifying a signal 
from the SAW resonator and outputting the signal, a second differential 
amplifier, inputting the signal outputted from the first differential amplifier, of 
which either one of a non-inversion output terminal and an inversion output 
terminal outputs the positive-feedback-oscillation-loop output signal, and a 
third differential amplifier, inputting the signal from the first differential 
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amplifier and outputting the signal as a clock signal with a specified 
freguencv, wherein the propagation delay time of the buffer is propagation 
delay time between the first differential amplifier and the second differential 
amplifier connected to the first differential amplifier. 

3, The voltage-controlled oscillator according to Claim 2, 

wherein the differential amplifier is a differential amplifier circuit using an ECL 
line receiver, 

4. The voltage-controlled oscillator according to Claim 1. 

wherein the buffer includes a first amplifier, amplifying a signal from the SAW 
resonator and outputting the signal, a second amplifier, inputting the signal 
outputted from the first amplifier and outputting the signal as the positive- 
feedback-oscillation-loop output signal, and at least one third amplifier, 
inputting the signal outputted from the first amplifier and outputting the signal 
as a clock signal with a specified freguencv, wherein the propagation delay 
time is propagation delay time between the first amplifier and the second 
amplifier connected to the first amplifier. 

5. The voltage-controlled oscillator according to one of Claims 1 

to 4, wherein the SAW resonator uses an in-plane rotated ST-cut Quartz 
crystal plate with Euler angles of (0, 1 13° to 135°, ±(40° to 49°)). 

6. The voltage-controlled oscillator according to one of Claims 1 

to 5, further comprising an impedance circuit, generating a specified potential 
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difference between the non-inversion input terminal and the inversion input 
terminal of the buffer, and an NTC thermistor having a negative temperature 
characteristic in parallel to the impedance circuit, between the non-inversion 
input terminal of the buffer and the terminal of the SAW resonator adjacent to 
the downstream of the feedback loop. 

7. A clock converter, forming a feedback loop constructed of a 

voltage-controlled oscillator, in which freguencv varies depending on a 
supplied control voltage and which outputs a feedback-loop output signal, a 
phase comparing section, comparing phases of the feedback-loop output 
signal from the voltage-controlled oscillator and an external input signal to 
output a phase-difference signal, and a loop filter, smoothing a phase 
difference signal to generate the control voltage, wherein the voltage- 
controlled oscillator comprises a voltage-controlled phase-shift circuit, 
outputting an output signal with the phase of an input signal shifted bv a 
specified amount according to the control voltage, a SAW resonator, 
resonating at a specified resonance freguencv. and a buffer, inputting a signal 
from the SAW resonator and outputting the signal as a clock signal with a 
specified freguencv, and outputting an output signal for a positive-feedback 
oscillation loop and the feedback-loop output signal, wherein the voltage- 
controlled phase-shift circuit, the SAW resonator, and the buffer form a 
positive-feedback oscillation loop, and wherein a freguencv temperature 
characteristic of the SAW resonator is corrected bv rotating the freguencv 
temperature characteristic of the SAW resonator bv a specified amount using 
a temperature characteristic of propagation delay time of the buffer. 
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8. The clock converter according to Claim 7. wherein the buffer 

includes a first differential amplifier, amplifying a signal from the SAW 
resonator and outputting the signal, a second differential amplifier, inputting 
the signal outputted from the first differential amplifier, of which either one of 
a non-inversion output terminal and an inversion output terminal outputs the 
feedback-loop output signal and the other output terminal outputs the 
positive-feedback-oscillation-loop output signal, and a third differential 
amplifier, inputting the signal from the first differential amplifier and outputting 
the signal as a clock signal with a specified freguencv, wherein the 
propagation delay time of the buffer is propagation delay time between the 
first differential amplifier and the second differential amplifier connected to the 
first differential amplifier, 

9. The clock converter according to Claim 8, wherein the 

differential amplifier is a differential amplifier circuit using an ECL line 
receiver. 

10. The clock converter according to Claim 7, wherein the buffer 

includes a first amplifier, amplifying a signal from the SAW resonator and 
outputting the signal, a second amplifier, inputting the signal outputted from 
the first amplifier and outputting the signal as an output signal for the positive- 
feedback oscillation loop, and a plurality of third amplifiers, inputting the 
signal outputted from the first amplifier, outputting at least one clock signal 
having a specified freguencv, and outputting the feedback-loop output signal, 
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wherein the propagation delay time is propagation delay time between the 
first amplifier and the second amplifier connected to the first amplifier. 

11. The clock converter according to one of Claims 7 to 10. 

wherein the SAW resonator uses an in-plane rotated ST-cut guartz crystal 
plate with Euler angles of (0, 1 13° to 135°, ±(40° to 49°)). 

12. The clock converter according to one of Claims 7 to 11. 

further comprising an impedance circuit, generating a specified potential 
difference between a non-inversion input terminal and an inversion input 
terminal of the buffer, and an NTC thermistor having a negative temperature 
characteristic in parallel to the impedance circuit, between the non-inversion 
input terminal of the buffer and the terminal of the SAW resonator adjacent to 
the downstream of the feedback loop. 

13. An electronic device, comprising a clock converter according 

to one of Claims 7 to 12. 

[Description of the Roforonce Numerals] 
[0153] 

1A.1B: Voltago - controllod SAW oscil l ator (VCSO) (voltago contro l led 

oscil l ator), 

2a, 2b: Buffer, 

3: Voltago - controllod phaoo sh i ft circuit, 
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4 : I mp e dance circuit (Zd), 

5: NTC thermistor (Rt), 

X: SAW resonator, 

21: Osc ill at i ng d i fferent i al amp l if i er (first different i a l amp l ifier), 22: 

Output d i fferent i al ampl i f i er (th i rd d i ff e r e ntia l amplif i er), 

234 — Feedback - buffer — d i ff e r e nt i a l — ampl i fi e r — (second — differentia l 

amplifier), 

31: Oscil l at i ng amp li fier (f i rst amp li f i er), 

32 - 1 to 32 - n: Amp l ifi e r (third amp li f ie r), 

33: Feedback-buffer amplif i er (second amp l if i er), 

50a: C l ock converter, 

51: I nput frequency d i vider c i rcu i t (div i sion rat i o: 1/P), 

52: Phase comparator circu i t (PD), 

53: Loop filter (LF), 

54: Feedback frequency div i d e r circuit (d i vision rat i o: 1/N), 

55: Phas e- compar i ng sect i on, 

70: Optica l- transce i v e r modu l o, 

71: Multiplexor (MUX), 

72: E l ectricity/light convert i ng section (TxE O), 

74: Do mu l tiplexor (D o MUX/CDR), 

75: L i ght/e l ectr i city convert i ng sect i on (RxO - E), 

76: Selecting section 
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[D e s i gnation of 
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Documont] ABSTRACT 

[Abstract] 

[Object] — To prov i de a voltage - controll e d oscillator hav i ng a sma l l 

contro l- voltage w i dth by corr e cting fr e qu e ncy temperature characterist i c of a 
SAW resonator X, a c l ock converter i ncluding th e voltage - controlled oscil l ator, 
and an e l e ctron i c devic e us i ng the c l ock converter. 

[Moans for Resolution] A voltage-controlled oscillator 4-A-includes a voltage- 
controlled phase-shift circuit-3, outputting an signal with the shift deviated 
from an input signal by a specified amount with an external control voltage Vt, 
a SAW resonator-r-X, a buffer-2ar, inputting a resonance signal having a 
specified resonance frequency from the SAW resonator-X, outputting a clock 
signal with a desired frequency, and outputting a positive-feedback- 
oscillation-loop output signal, wherein the voltage-controlled phase-shift 
circuit— 3, the SAW resonator-X, and the buffer-2a construct a positive- 
feedback oscillation loop, in which the frequency temperature characteristic of 
the SAW resonator ^is rotated by a specified amount using the temperature 
characteristic of the propagation delay time of the buffer 2a-to correct the 
frequency temperature characteristic of the SAW resonator^. 
[Selected Drawing] Fig. — t 
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